Thickening of the endocardium is sometimes observed in rats and other animals as a spontaneous or experimentally induced lesion. However, its nature, pathogenesis, and significance are not well understood.
INTRODUCTION
By light microscopy the endocardium appears as a thin endothelial membrane barely distinguishable from the underlying myocardium. Therefore, endocardial thickening is a remarkable finding, specially when recognized grossly. It occurs in man and in animals including laboratory rodents (1) (2) (3) (4) (5) (6) (7) (8) (9) . Endocardial thickening may be diffuse or focal, congenital or acquired, and primary or secondary. In some cases it may be compound-induced (10,ll) and, a careful evaluation of the nature and significance of this lesion is essential.
In man, endocardial thickening may represent two diseases: endocardial fibroelastosis and endomyocardial fibrosis (9). In the rat, both of these conditions, as well as endocardial tumors (23) and an "endocardial dis6gse" have been reported (12) . Six cases of endobardial thickening in the Sprague-Dawley rat'are described in this paper. The relationship of this change with other causes of endocardial thickening is discussed, and the significance of these alterations is assessed.
MATERIALS A N D METHODS
Four hundred eighty 5-week old Sprague-Dawley, CD, outbred albino rats, 240 males and 240 females, purchased from Charles River Laboratories, Wilmington, Massachusetts, were housed individually in stainless steel cages in a n air-conditioned room. The animals were offered ground Purina Laboratorf Chow (Ralston Purina Company), and water ad libitum for 6 to 25 months. Each animal was subjected to a complete necropsy and the following organs from each animal were examined histologically: adrenal glands, aorta, brain, epididymides, esophagus, eyes, Fallopian tubes, femur, femoral bone marrow, heart, kidneys, lacrimal glands, large intestine, liver, lungs, lymph nodes, mammary glands, ovaries, pancreas, parathyroid glands (when visualized), pituitary gland, prostate gland, s a l i k y glands, sciatic nerve, skeletal muscle, skin, small intestine, spinal cord, spleen, stomach, -testes, thymus, thyroid gland, trachea, urinary bladder, uterus, and vagina. Representative sections of each organ and of all gross lesions were fixed in 10% neutral buffered formalin. Sections, 6 p in thickness, from all paraffin-embedded tissues were stained with hematoxylin and eosin. Special stains used included Masson's trichrome method for collagenous fibers, Weigert's method for elastic fibers, and Wilder's method for reticular fibers.
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RESULTS
Endocardia1 thickening was found in four of 240 male rats and two of 240 female rats, an overall incidence of 1.25%. The lesions occurred in rats 89 to 113 weeks of age. Five of the six rats were found dead, or were killed while moribund. Hydrothorax and centrolobular congestion with necrosis of the liver, changes suggestive of cardiac failure, were observed in one rat (#3). No cardiac tumors were observed.
In only one rat (#I) could the lesion be recognized grossly. It appeared as a pearly white, firm, smooth, and uniform thickening of the endocardium (Fig. 1 ). Microscopically, the lesions were recognized easily as a thickening of the endocardium which was diffuse or focal and of variable depth. The endocardial thickening occurred in the left ventricle in five of the six rats. Other sites, in decre sin B g order of frequency, were right ventricle: aortic valve, and left atrium. Distribution and histologic characteristics of the lesions in each $1
Histologically, the lesions occurred in two distinct patterns. In one of the six rats (#I), there was a more or less uniform thickening of the endocardium made up of about 80 layers of fibroblast-like cells. These cells had plump fusiform nuclei arranged in a uniform wavy pattern (Fig. 2) . The line between thickened endocardium and the underlying myocardium was well defined. There were no inflammatory cells in the endocardium or the myocardium, nor was there any evidence of myocardial degeneration, necrosis, or fibrosis. Collagen was abundant but no elastic or reticular fibers were present.
In the second pattern, that involved the other five rats, thickening of the endocardium was uneven and the cells were not arranged uniformly (Fig. 3) . The line between the thickened endocardium and the underlying myocardium was not well-defined. Proliferating cells appeared to infiltrate the myocardium ( Fig. 4) and degeneration, necrosis, and atrophy of myocardial fibers was evident in most cases (Fig. 4 ). In two rats (#3 and #5) the aortic adventitia was occupied by proliferating fibroblast-like cells. In one case (#5) the aortic intima was also thickened ( Fig. 5 ). Endocardium and myocardium showed a mild infiltration by lymphocytes. Mi to tic figures heart are presented in Table 1 . and enlarged nuclei were seen in a few cases ( Fig. 6 ). Small amounts of elastic fibers in the thickened endocardium were seen in one rat.
DISCUSSION
The incidence of endocardial thickening in this group of Spra~ue-Dawley rats was about 1%, and was comparable to the incidence of similar lesions reported in Wistar and Brown-Norway strains (12) . The lesion seemed to be age related since its incidence was hgghsr in old rats. This suggests that the lesion 'was probably acquired and became more sever& with increasing age. Endocardial thickening occurred in animals with a number of other patholo~ic changes but no causal relationship with a given lesion was evident. Only in one case (rat f 3 ) was it possibly associated with heart failure.
Endocardial thickening is generally attrib- uted to endocardial fibroelastosis, endomyocardial fibrosis, endocardial disease, or endocardial neoplasms such as neurinoma or neurosarcoma. Endocardial fibroelastosis, a fibrous and elastic thickening of the endocardium, occurs in man and in different animal species. In man, it is primarily a disease of in€ants and consti~utes a common cause of death from congestive heart failure between the ages of 1 and 2 years. It occurs in a primary form or it may be secondary to cardiovascular malformations such as patent ductus arteriosis, patent foramen ovale and stenosis or coarctation of the aorta (13). In animals, this lesion has been described in dogs and rats (5, 14), pigs and cattle (15), and in the sea lion, hippopotomus, elephant, and blue whale (8) .
In all cases the lesions appeared to be spontaneous, Experi~entally, the disease has been produced in dogs by ligation of cardiac lymphatics (16, 17). Induction of diffuse chronic mitral endocarditis with focal mural endocardial fibroelastosis has been reported in a group of young dogs given a mild alpha adrenergic-bIocking agent for one year (10). marily involves the ventricles and is common in East Africans. It accounts for a substantial number of cases of heart failure in Uganda (3, 9) . Spontaneous endomyocardial fibrosis does not appear to have been reported in animals but has been produced in rats by conjoint treatment with steroids and sodium salts, or by stress and preconditioning with steroids (18) . In monkeys "endocardial fibrosis" has been produced with monocrotaline-induced pulmonary hypertension (11) . It is conceivable, therefore, that endomyocardial fibrosis could occasionally be encountered in drug safety evaluation studies, especially those in which subendocardial necrosis had been produced.
Another form of endocardial thickening occurring in laboratory rats has been described as "endocardial disease". Forty cases of this condition, representing a n incidence of 1 to 7% in different colonies and age groups, was reported by Boorman et al. (12) in three different strains of Wistar and Brown-Norway rats. The lesion consisted of proliferation of fibroblast-like cells within the endocardium, and was restricted to, or was more severe in, the left ventricle. Sometimes tumor-like masses filled the left ventricle.
Neurinoma and neurosarcoma in the endocardium or subendocardial myocardium were induced in the rat by treatment with l-pyridyl-3,3-diethyl-triazene (23).
The rat lesions described here have certain morphologic characteristics similar to those of endocardial fibroelastosis and endomyocardial fibrosis. The distinction between the two lesion lies in the presence of abundant elastic fibers in endocardial fibroelastosis and of myocardial necrosis in endomyocardial fibrosis. We believe that endocardial thickening in a given case should be designated as endocardial fibroelastosis or endomyocardial fibrosis based upon these criteria.
The nodular masses in the endocardium present a difficult problem in characterization and interpretation. Although not observed by us, such masses have been reported in rats (12, 23) . We have observed certain characteristics of endocardial thickening which mimic neoplasia. These include tissue proliferation in the aortic intima ( Fig. 5 ) and adventitia and seeming infiltration into the myocardium (Figs. 3,4) . We have also seen nuclear changes suggestive of anaplasia ( Fig. 6) . However in the absence of tumor-like masses, we regard these changes to be repairative rather than neoplastic.
It appears that endocardial thickening in the rats examined by us is due to endomyocardial fibrosis. Similar lesions may be produced as a consequence of prior subendocardial injury due to incidental disease or chemical toxicity. That myocardial injury, particularly subendocardial necrosis or edema, may be important in the pathogenesis of endocardial thickening is suggested by experimental production of this lesion. In chicks experimentally injected with mumps virus, endocardialfibroelastosis was preceeded by interstitial myocard~tis and myocardial destruction. The lesions were more pronounced in the subendocardial region (19) . In rats injected with heterologous heart-tissue homogenate or diphtheria-pertussis-tetanus (DPT) vaccine, myocardial necrosis, edema, inflammation, and eventual endocardial thickening were produced (20) . In rats (21) and man (22) subendocardial edema due to obstructio<of cardiac lymphatics is thought to result invptricular endocardial fibroelastosis. In dogs, thickening of the ventricular endocardium klue to increased amounts of fibrous and elastic connective tissue was produced following chronic experimental impairment of cardiac lymph drainage (16, 17) . Thus, impairment of lymph drainage was considered important as a possible pathologic mechanism in endomyocardial fibrosis and endocardial fibroelastosis.
Experimental production of subendocardial necrosis and its healing by the formation of a thick scar tissue resembling endomyocardial fibrosis has already been mentioned. We have occasionally encountered subendocardial necrosis with proliferation of fibroblast-like cells in young rats (Fig. 7) . These are spontaneous lesions of unknown etiology and may represent early states in the development of endocardial thicken in^ seen in old rats. Thus endocardial thickening may represent a spontaneous process or a sequelae to earlier damage to subendocardial myocardium or its lymph drainage. When nodular masses are seen, the possibility of neoplasia must be considered.
